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Abstract Although drug-eluting stents (DES) are rapidly replacing bare metal stents, there are
increasing concerns regarding the potential for very late stent thrombosis after DES implanta-tomography;
Drug-eluting stent;
Stent thrombosis
tion. It is suggested that incomplete stent apposition (ISA) due to positive remodeling is strongly
associated with this. We present a case of a 68-year-old male who developed very late stent
thrombosis (VLST) 40 months after DES implantation. The ISA of the stented vessel had already
been detected by multislice computed tomography (MSCT). MSCT could be a useful modality to
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Introduction
Although drug-eluting stents (DES) decrease restenosis,
there is a concern about an increased rate of very late stent
thrombosis (VLST). Consequences of VLST may be catas-
trophic and a major concern after DES implantation. It is
reported that positive remodeling of the stent deployed
vessel due to hypersensitivity reaction could cause VLST.
Multislice computed tomography (MSCT) permits reliable
imaging of the coronary artery lumen even in the presence of
a pre-deployed stent. We experienced a case of VLST caused
by positive remodeling which had been detected previously
by MSCT.
∗ Corresponding author. Tel.: +81 774 72 0235;
fax: +81 774 72 2155.
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ase report
n December 2006, a 68-year-old male who was a current
moker with a history of dyslipidemia and hypothyroidism
ame to our hospital complaining of angina on effort.
chocardiography (UCG) showed no abnormal wall motion
f the ventricle. However, treadmill exercise test (TMT)
as positive, and MSCT revealed a severe stenotic lesion
t the proximal segment of the left anterior descending
rtery (LAD), moderate stenosis at the distal segment of
he right coronary artery and middle segment of the left
ircumﬂex artery (LCx). Percutaneous coronary interven-
ion (PCI) was performed. After deploying a sirolimus-eluting
tent (SES) (3.5mm× 8mm) at the LAD lesion, and
ES (3.0mm× 18mm) at the LCx lesion, an excellent
ngiographic result was obtained and intravascular ultra-
onography (IVUS) showed complete apposition. He was
ollowed up with dual antiplatelet therapy, aspirin and ticlo-
Published by Elsevier Ltd. All rights reserved.
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Digure 1 Curved and axial multiplanar reformation image of
nd middle (b) portion of the stented vessel, while distal (c) po
idine, although 2 months later ticlopidine was switched
o cilostazol due to drug-induced liver toxicity. Six months
fter stent implantation, in follow up MSCT, new lesion or
n-stent restenosis was not observed. However, 40 months
ater, in April 2009, while UCG and TMT did not show any
bnormal ﬁndings, MSCT revealed positive remodeling of
he stented vessel of LAD causing incomplete stent appo-
ition (ISA) (Fig. 1). Although PCI for ISA was recommended,
he patient rejected it. Eleven days after CTA, the patient
ad acute chest pain during exercise and was sent to the
mergency room. With ECG showing anterior ST-elevation
nd creatine kinase increasing to 1304mg/dl, he was imme-
iately referred for emergent coronary angiogram which
evealed thrombosis at the stented segment of the LAD as
ell as aneurysmal dilatation of the stented segment of
he LCx (Fig. 2), suggesting stent-related etiology. As for
he LCx lesion, MSCT had failed to detect it. Because IVUS
ndings also suggested positive remodeling of the culprit
esion, onset of VLST was suspected and a bare metal stent
4mm× 24mm) was deployed. Then, intracoronary aspi-
ation was successfully performed. IVUS showed complete
pposition, and thrombolysis in myocardial infarction (TIMI)
coronary ﬂow was achieved.
The Ethics Committee of Yamashiro Public Hospital
pproved this report, and the patient signed a written
nformed consent.
C
v
a
r
eculprit lesion showing positive remodeling of the proximal (a)
was preserved.
SCT and IVUS images
SCT (Aquillion 64, Toshiba Medical, Tokyo, Japan) was
erformed with a bolus injection of 50ml contrast agent
Iomeron 350, Eizai Co, Tokyo, Japan) administered intra-
enously at a rate of 4.0ml/s. As soon as the signal density
evel in the ascending aorta reached a predeﬁned threshold
f 100 Hounsﬁeld units (HU), acquisition of the computed
omography (CT) data and the electrocardiogram trace were
tarted. The volume data set for coronary artery imaging was
cquired in spiral mode, with a collimation of 64× 0.5mm, a
antry rotation of 400ms, helical pitch of 3.2, tube energy of
20 kV, and an effective tube current of 400mA. IVUS images
ere acquired with a commercially available IVUS system
s5r system, Volcano Therapeutics, Rancho, Cordova, CA,
SA), and 3.5F, 20-MHz, phased array IVUS catheters (Eagle
ye Gold, Volcano Therapeutics).
iscussionoronary stenting has revolutionized the practice of inter-
entional cardiology. It has dramatically improved upon the
cute procedural success and also reduced the restenosis
ates. Especially, the development of DES has achieved an
xcellent reduction in restenosis rates. Although rare, the
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AFigure 2 Coronary angiography showing stent thrombosis of th
(b) segment. IVUS ﬁndings also revealed positive remodeling of L
artery; IVUS, intravascular ultrasonography.
incidence of stent thrombosis is associated with a higher
frequency of major adverse clinical consequences. VLST is
increasingly being recognized as a complication of DES.
Cook et al., in their study using IVUS, reported that
patients with VLST show evidence of positive arterial remod-
eling with a high incidence of ISA [1]. Among the several
possible mechanisms of ISA, positive arterial remodeling
appears to be the most likely mechanism. Virmani et al.
described a local hypersensitivity reaction as the underly-
ing cause with extensive vasculitis of the intima, media,
and adventitia consisting predominantly of lymphocytes
and eosinophils [2]. Histopathological analysis revealed an
aneurysmal dilatation of the vessel wall within the stented
segment with evidence of stent malapposition and thick
ﬁbrin thrombus between the stent and the arterial wall.
Sawada et al. reported a case of VLST which also developed
from positive remodeling [3]. In the present case, one lesion
showed positive remodeling and the other showed aneurys-
mal dilatation both of which were on the pre-deployed stent
suggesting the same underlying mechanism as described
above.
On the other hand, recent development of MSCT has
enabled the precise visualization of coronary artery lumen
and the vessel wall even in the presence of a stent. Detecting
vulnerable plaques by this modality, we have reported the
correlation between several factors and coronary artery dis-
ease [4]. Additionally, MSCT can describe the vessel lumen
even in the presence of stents, thus, enabling less invasive
evaluation of in stent restenosis.
T
w
Cnted LAD segment (a) and aneurysmal dilatation of stented LCx
sion. LAD, left anterior descending artery; LCx, left circumﬂex
As is well known, the spatial resolution of MSCT is about
.35mm and it may be 0.6mm in a beating heart. Of course,
hen there is a large space present between coronary wall
nd stent struts, MSCT can detect stent malapposition.
ccording to the study of Cook et al. [1], in patients who
eveloped VLST, the mean depth of ISA was about 1.8mm
hile in DES controls it was 0.8mm. Taken together with
hese results, the spatial resolution of MSCT is high enough
o detect stent malapposition which is likely to develop
LST.
The present case was asymptomatic and other clinical
ndings did not show any evidence of ISA until the onset of
LST. MSCT was the only modality to suggest the develop-
ent of VLST.
Even though the underlying mechanisms of VLST have
et to be completely understood, it is suggested that ISA
s strongly associated with positive remodeling. MSCT is
xpected to detect this morphological change even when
ther clinical ﬁndings are normal. The present case suggests
hat MSCT can be the useful, and so far the only, modality
o predict the development of VLST.
cknowledgmenthe authors of this article have certiﬁed that they comply
ith the Principles of Ethical Publishing in the Journal of
ardiology.
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